Background-Effectiveness data on novel oral anticoagulants (NOACs) versus warfarin for stroke prevention in non-valvular atrial fibrillation (NVAF) by prior warfarin use are limited.
INTRODUCTION
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and is associated with increased morbidity, mortality, and healthcare costs; the estimated number of cases in the USA ranged from 2.7 to 6.1 million in 2010, and is expected to rise to between 5.6 and 12 million in 2050 [1] . The 2014 American College of Cardiology/American Heart Association/Heart Rhythm Society Guideline for the Management of Patients with AF recommends chronic oral anticoagulation in patients with a moderate or greater risk of ischemic stroke [2] . Whereas Vitamin K antagonists (VKA) (i.e. warfarin in the USA) were historically the only available oral anticoagulant, recent US Food and Drug Administration approvals provided four alternative novel oral anticoagulants (NOACs) for the prophylaxis of ischemic stroke and other cardioembolic complications. Randomized controlled trials (RCTs) of dabigatran, a direct thrombin inhibitor, and rivaroxaban, apixaban, and edoxaban, direct factor Xa inhibitors, demonstrated that these agents are at least as efficacious as warfarin for stroke prevention and are associated with lower rates of hemorrhage [3] [4] [5] [6] [7] .
In addition to the results from the RCTs, several observational studies examining the effectiveness of dabigatran versus warfarin in AF patients, recently summarized in a metaanalysis [8] , have been published. These studies suggest that dabigatran is comparable to warfarin in the prevention of ischemic stroke, is associated with lower risk of intracranial bleeding than warfarin, and higher risk of gastrointestinal (GI) bleeding [8] . Despite the results from these RCTs and observational studies, clinically-relevant issues regarding the use of NOACs in real-world clinical practice need to be resolved. Particularly, given the substantial AF population presently being treated with warfarin and the large proportion of newly diagnosed AF patients who receive warfarin as a first-line anticoagulant treatment, it is important to determine if the effectiveness of NOACs, compared to warfarin, is similar among patients who switch from warfarin to a NOAC and among treatment-naïve patients who initiate treatment with a NOAC. In a prespecified substudy of the RE-LY trial comparing the effectiveness of dabigatran versus VKA in patients naïve to and experienced with VKA [9] , prior exposure to VKA did not affect the effectiveness of dabigatran. A similar analysis in the ROCKET-AF trial, however, found that bleeding risks were lower in VKA-naïve patients compared to VKA-experienced patients receiving rivaroxaban [10] . A French cohort study did not find differences in the risk of stroke and bleeding in VKA users switching to a NOAC compared to those maintained on the VKA over 10 months of followup [11] . To date, however, no systematic assessment of NOACs effectiveness by prior warfarin exposure, including both warfarin-naïve and warfarin-experienced patients, in usual clinical practice has been done.
To provide innovative real-world evidence on whether the effectiveness of dabigatran and rivaroxaban (versus warfarin) in prevention of ischemic stroke differs between switchers from warfarin to NOACs and anticoagulant-naïve patients and to assess the overall safety profile of oral anticoagulants, we used a large healthcare utilization database to study outcomes of AF patients who were receiving dabigatran, rivaroxaban, or warfarin.
METHODS

Data source and study sample
We conducted a retrospective cohort study utilizing health care claims data from the Truven Health MarketScan ® Commercial Claims and Encounters Database and the Medicare Supplemental and Coordination of Benefits Database (Truven Health Analytics Inc., Ann Arbor, MI, USA) from January 1, 2009 , through December 31, 2012 . The FDA approved dabigatran in October 2010 and rivaroxaban in November 2011 for the prevention of stroke and systemic embolism in patients with non-valvular AF. The MarketScan databases contain enrollment data and health insurance claims for inpatient and outpatient services as well as outpatient pharmacy services. These data are collected from large US employers and health plans that provide private coverage for employees, their spouses, and dependents and for individuals and their dependents with Medicare supplemental coverage. Patient enrollment data are linked with medical and outpatient prescription drug claims and encounter data enabling individual-specific clinical utilization, cost, and outcomes for inpatient and outpatient services and outpatient pharmacy services.
The analysis was restricted to individuals with medical and outpatient pharmaceutical data, with ≥6 months of continuous enrollment prior to first anticoagulant use. Patients were eligible if they had at least one inpatient or two outpatient claims for AF [International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 427.3, 427.31, and 427.32, in any position] and at least one prescription for warfarin or one of the NOACs (dabigatran or rivaroxaban) after their initial AF diagnosis. A recent systematic review of ICD-9-CM codes for AF identification reported a positive predictive value of approximately 90% and sensitivity of approximately 80% [12] . Consistent with previous studies, two outpatient claims for AF are required to minimize the impact of rule-out diagnoses and improve algorithm specificity [13] . Patients with ICD-9-CM diagnostic codes for valvular disease or procedure codes for valvular repair or replacement before or at AF diagnosis were excluded because the NOACs have received FDA approval for non-valvular AF only. The index date was defined as the date of the first anticoagulant prescription following AF diagnosis. Patients with AF enrolled in the MarketScan Medicare Supplemental Database have similar demographic characteristics to patients with AF in the general fee-for-service Medicare population [13, 14] .
Anticoagulant use
Each outpatient pharmaceutical claim includes the National Drug Code, the prescription fill date, and the number of days supplied. All prescriptions for oral anticoagulants (dabigatran, rivaroxaban, and warfarin) from January 1, 2009 to December 31, 2012 were identified. Patients using NOACs were initially categorized according to their first anticoagulant prescription as either dabigatran or rivaroxaban users. After classification as a dabigatran or rivaroxaban user, these patients were classified further based on their use of warfarin prior to their NOAC use; those with no history of warfarin were classified as new ("naïve") anticoagulant users (no previous recorded warfarin exposure) while those with prior warfarin use were classified as switchers (previous warfarin user, switching to a NOAC). Each NOAC user was matched with up to 5 warfarin users by age (±3 years), sex, and time since database enrollment. Individuals who switched to NOACs were matched with AF patients who had ≥3 months of continuous warfarin use before the index date of the matched NOAC user. New NOAC users were matched with AF patients who had initiated warfarin use <3 months before the index date of the matched NOAC user. The validity of warfarin claims in administrative data is excellent with a sensitivity of 94% and a positive predictive value of 99% [15] .
Outcome ascertainment
The outcomes of interest were obtained from inpatient claims, using validated algorithms, and included intracranial bleeding, ischemic stroke, myocardial infarction (MI), GI bleeding, and hip/pelvic fracture obtained from inpatient claims. Hip/pelvic fracture was included as a "neutral" endpoint, for which an association with type of anticoagulant would not be expected; similar hip/pelvic fracture risk between groups provides indirect evidence of no confounding. Intracranial bleeding was defined based on the presence of ICD-9-CM codes 430 (subarachnoid hemorrhage), and 431 (intracerebral hemorrhage) as the primary discharge diagnosis in an inpatient claim after the index date. Positive predictive value (PPV) of this definition has been >90% in many different validation studies [16] . Ischemic stroke was defined based on the presence of ICD-9-CM codes 434.xx (occlusion of cerebral arteries) and 436.xx (acute but ill-defined cerebrovascular disease) as the primary discharge diagnosis in any inpatient claim following their index date. Several validation studies have reported PPV of >80% for this definition [16] . MI was defined as the presence of an inpatient claim with an ICD-9-CM discharge diagnosis code of 410.xx (excluding 410.x2, used to indicate follow-up of the initial episode) in the first or second position. This algorithm has had a PPV between 88-94% in validation studies [17, 18] . GI bleeding was defined according to an algorithm developed by Cunningham et al. [19] . This algorithm considers presence of bleeding-related ICD-9-CM codes in inpatient claims as primary and secondary diagnoses, presence of transfusion codes (hospital revenue code indicating transfusion/cross-matching for transfusion), and presence/absence of trauma codes to exclude trauma-related bleeding. This algorithm PPV is 86% [19] , which compares favorably to other peer-reviewed algorithms [18] . Hip/pelvic fracture was defined according to the Centers for Medicare and Medicaid Chronic Conditions Data Warehouse algorithm, developed from published literature [20] .
Assessment of covariates
Covariates were defined based on inpatient and outpatient claims during the enrollment period prior to the index date (≥6 months) with validated published algorithms [19, 21] . Demographic characteristics, comorbidities, procedures, and pharmacy fills were ascertained. Comorbidities of interest were ascertained with published algorithms from inpatient and outpatient claims and include prior stroke/transient ischemic attack (TIA), hemorrhagic stroke, heart failure, MI, hypertension, diabetes, peripheral arterial disease, liver disease, kidney disease, chronic pulmonary disease, malignancies (except malignant skin neoplasm), metastatic cancer, history of bleeding, hematological disorders (anemia, coagulation defects), dementia, depression, and alcohol abuse [19, 21] . Cardiac, vascular, GI, and neurologic procedures also were identified from inpatient and outpatients claims. Presence of prescription fills for the following medication groups were ascertained: digoxin, clopidogrel, other antiplatelets, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, β-blockers, calcium channel blockers, antiarrhythmics, statins, and antidiabetic medications.
Statistical analysis
The primary analysis included patients categorized according to the anticoagulant used at their index date. Cox proportional hazards models were utilized to assess the association between anticoagulant type (separately for dabigatran and rivaroxaban vs warfarin) and the time to each outcome. The time to event was censored at the earliest of health plan disenrollment or the end of study follow-up. Separate models were estimated to compare new NOAC users to new warfarin users and for switchers to NOACs to existing warfarin users.
High-dimensional propensity scores were calculated for each of the main comparisons. Methodology proposed by Schneeweiss et al. was used and included the following dimensions: age, sex, inpatient diagnostic codes, inpatient procedure codes, outpatient diagnostic does, outpatient procedure codes, and outpatient pharmacy claims [22] . Highdimensional propensity scores were calculated with the SAS macros developed by Rassen et al. and included both empirical variables and covariates described above [23] . For each outcome, Cox proportional hazards models were adjusted for high-dimensional propensity score decile as well as age, sex, and CHADS 2 score, to allow stratification of results by these three covariates.
We assessed the proportional hazards assumptions and found that it did not hold for all outcomes. The results are presented overall and stratified by follow-up time, classified as early (<90 days) and late (≥90 days). A sensitivity analysis was performed among highdimensional propensity score-matched dabigatran and warfarin users. A greedy matching technique, which is an efficient approximation of a nearest neighbor matching approach, where the comparator with the closest propensity score is selected was implemented with a published SAS macro for the matched analysis [24] . Kaplan-Meier survival curves were used to calculate the probability of survival free of each outcome of interest separately for dabigatran and warfarin new users and switchers. Effect measure modification by sex, age (≤75 and >75), and CHADS 2 score (0-1 classified as low risk and ≥2 classified as moderate/ The rate of ischemic stroke was significantly lower among new dabigatran users compared to new warfarin users (Fig. 1B) . This was especially true in the early period following treatment initiation (Table 2) . Dabigatran switchers and persistent warfarin users had fairly similar rates (Fig. 1B) . New warfarin users had an increased rate of MI compared to new dabigatran users (Fig. 1C) . The rate of MI was similar between dabigatran switchers and persistent warfarin users (Fig. 1C) . The rate of GI bleeding was higher among dabigatran switchers and was similar among the other anticoagulant users (Fig. 1D ).
Subgroup analysis
In stratified analyses, among new anticoagulant users, the associations between anticoagulant type and intracranial bleeding, stroke, and MI were similar in men and women, younger and older patients, and those with a low or moderate/high stroke risk (Fig.  2) . The association between anticoagulant type and GI bleeding differed by sex (p for interaction=0.05), age (p for interaction=0.004), and stroke risk (p for interaction=0.04). The occurrence of GI bleeding was lower among new dabigatran users compared to new warfarin users for men (HR 0.90, 95% CI 0.72, 1.12), younger patients (HR 0.77, 95% CI 0.59, 1.00), and those with a low stroke risk (HR 0.70 95% CI 0.46, 1.05), while the inverse was observed for women (HR 1.25 95% CI 0.98, 1.59), older patients (HR 1.26, 95% CI 1.02, 1.55), and those with a moderate/high stroke risk (HR 1.13, 95% CI 0.94, 1.34).
Among switchers (Fig. 3) , stratified analyses revealed a significant interaction (on the multiplicative scale) with sex for stroke (p for interaction=0.01) and MI (p for interaction=0.02) and with age for GI bleeding (p for interaction<0.001). Among men, the occurrence of stroke (HR 1.53, 95% CI 1.14, 2.07) and MI (HR 1.51, 95% CI 1.16, 1.98) were higher among dabigatran switchers compared with persistent warfarin users, while the opposite was detected among women (HR 0.83, 95% CI 0.58, 1.21) and (HR 0.83, 95% CI 0.54, 1.27), respectively. The association between anticoagulant use and GI bleeding differed in magnitude between younger and older patients; the risk of GI bleeding was greater among switchers to dabigatran compared to persistent warfarin users but the association was stronger among older patients (HR 1.15 95% CI 0.86, 1.52 in those ≤75 years of age vs. HR 2.23 95% CI 1.87, 2.66, in those older than >75 years).
Rivaroxaban vs warfarin
Due to a short follow-up period (median follow-up of 8 months) and few outcome events (<25 for any outcome among rivaroxaban users), analyses were pooled for new users of and switchers to rivaroxaban. There were no significant differences in outcomes between rivaroxaban and warfarin users (Supplemental Table 3 ); however, these analyses were underpowered to detect an association and are presented as a first examination of real-world data only.
DISCUSSION
This retrospective administrative claims analysis found that among AF patients, the risks of intracranial bleeding, ischemic stroke, and MI were lower among new users of dabigatran compared to new users of warfarin. Notably, the difference in ischemic stroke rates was present during the 90 days following treatment initiation, after which the rates were similar between new users of dabigatran and new users of warfarin. In contrast, the risk of ischemic stroke was not significantly different among those who switched from warfarin to dabigatran compared to persistent warfarin users. Furthermore, the results identified other differences in the risks for new users and switchers according to key patient characteristics, an area with a dearth of research to date.
Our findings have direct clinical implications. First, in anticoagulant-naïve patients NOACs are at least as effective and safe as warfarin. Second, patients already using warfarin may not experience any clinical benefit in the prevention of stroke if switching to a NOAC. And, third, individual patient characteristics modify the risk-benefit balance of NOACs, pointing to potential benefits of more individualized and precise approaches to the choice of oral anticoagulation.
Effectiveness results from the present analysis are fairly consistent with efficacy results from the RE-LY trial where dabigatran was non-inferior or superior to warfarin for the prevention of stroke or systemic embolism [3, 9] . Additionally, these results corroborate other realworld analyses [8, [25] [26] [27] [28] [29] . However, these previous studies focused on comparing dabigatran initiators with warfarin initiators, without consideration of associations among switchers. Three recent publications, two reporting secondary analyses of the RE-LY and ROCKET-AF trials and one using French administrative health data, have explored the risk of stroke and bleeding among switchers from warfarin to NOACs, with inconsistent results [9] [10] [11] . Switchers comprise a highly clinically relevant group, considering the large number of AF patients presently using warfarin. Given the various benefits of NOACs (e.g. no need for anticoagulation monitoring and fewer adverse dietary and pharmacologic interactions) current warfarin users may consider a switch to a NOAC; our results, however, indicate that switching from warfarin to dabigatran does not provide any additional benefit for stroke prevention.
During the first 90 days following treatment initiation, the rate of ischemic stroke was substantially lower in new users of dabigatran versus new warfarin users. The stroke rate was, however, similar after 90 days as well as among switchers to dabigatran and persistent warfarin users. A potential explanation for this difference is that it takes time for new warfarin users to stabilize in the therapeutic range, during which these patients may be particularly at risk of cardioembolic complications [30] . A similar pattern was observed for MI, whereby new users of warfarin also had a greater risk, compared to new users of dabigatran while persistent warfarin users had similar risk of MI compared to dabigatran users (new users and switchers), and for GI bleeding, with no differences in the risk among new users of anticoagulants, but higher risk among switchers to dabigatran than continuous users of warfarin. This finding suggests that persistent users of warfarin are a selected group who may be free of complications from warfarin and switching to dabigatran may not offer any added benefit for stroke prevention and may even increase the risk of some complications such as GI bleeding. However, intracranial bleeding risk was lower for dabigatran users (initiators and switchers) compared to warfarin users (initiators and persistent users). Our results suggest that risk-benefit considerations should be different in anticoagulant-naïve users and those already using warfarin.
Among new users of anticoagulants, there was evidence that sex, age, and CHADS 2 score modified the risk of GI bleeding associated with dabigatran compared to warfarin. Specifically, dabigatran was associated with an increased risk of GI bleeding particularly among women, patients >75 years of age, and those with a CHADS 2 score ≥2. These results were consistent with previously reported subgroup analyses which found increased risk of GI bleeding for those ≥75 years and treated with dabigatran compared to warfarin [26] and that the risk of GI bleeding was increased for women aged 75 years and older using dabigatran compared to warfarin [25] . Subgroup analysis among patients who switched to dabigatran compared to persistent warfarin users found that dabigatran was associated with an increased risk of ischemic stroke and MI in men but not in women. Potential explanations for this difference are not fully elucidated and it is possible that this finding is due to chance. Upholding and expanding on both RCT and observational studies, compared with persistent warfarin use, switching to dabigatran was associated with higher risk of GI bleeding among patients aged >75 years than among patients aged ≤75 years.
Despite the limited number of events among rivaroxaban users, there was no evidence that the risk of GI bleeding was disproportionally higher among rivaroxaban users compared to warfarin users. Even though these real-world effectiveness findings have wide confidence intervals the results are consistent with the ROCKET-AF efficacy results. Future studies should explore determinants of adverse endpoints in users of NOACs [31] .
This study has several limitations which should be considered. First, unmeasured confounding is a major drawback of observational studies utilizing administrative claims. Particularly, we lacked specific information on the reasons why patients switched from warfarin to dabigatran. High-dimensional propensity scores were utilized to adjust for both pre-defined and empirically identified confounders. This approach has been studied empirically and found to be reasonably effective [22] . The similar risk of hip fracture among dabigatran and warfarin users provides indirect evidence of no residual uncontrolled confounding. Second, the results of this analysis rely on the ability to ascertain accurately both covariates and outcomes in administrative data. Validated algorithms were utilized to ascertain events of interest and it is likely that any misclassification is non-differential. Third, follow-up data were limited in duration given the recent FDA approval of dabigatran (October 2010) and rivaroxaban (November 2011). Fourth, medication adherence following initiation was not considered in this analysis.
Strengths of this study include, first, the availability of administrative data across the continuum of care for a relatively large number of dabigatran users, which enabled the use of state-of-the-art methodology for confounding adjustment. Second, this is the first realworld analysis, to our knowledge, to stratify the analysis by new user and switcher status. Third, many real-world analyses focus on a single outcome, usually bleeding. The present analysis includes a number of important outcomes for AF patients.
ischemic stroke were lower among new users of dabigatran compared to new users of warfarin. Our results provide information on the safety profile of dabigatran and may help clinicians and patients make informed decisions when selecting an oral anticoagulant for thromboembolic prevention in AF.
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